This research is conducted in order to determine the best composition of alumina-cullet ceramic with the addition of mica powder. The alumina-cullet-mica composites (ACMCs) were produced by using powder compaction method. All raw materials used such as alumina, cullet and mica for fabricating the samples were first mixed, compacted and finally the samples have to undergo the sintering process. It is observed from the physical, mechanical and morphological analyses that the properties of ACMCs are highly dependable on the mica content.
Introduction
The ceramic industry is one of the major users of alumina as raw materials. Alumina ceramics are renowned typical ceramics and this type of ceramics is one of the most useful ceramic materials used in various fields e.g. as engineering materials, electrical insulators, structural, optical, biomaterials and in biomedical applications. The applications of alumina ceramic in various fields are due to its excellent combination of physical and chemical properties. An alumina ceramic has characteristics of excellent chemical durability, low electrical resistance, high corrosion resistance, high hardness, high abrasion resistance, high strength, high heat resistance as well as low cost and availability of raw materials [1] . Various alumina ceramics differ due to different compositions of types and amounts of minerals that determine the resulting ceramic products. It is common for alumina and other materials to be mixed to produce ceramic products suited to specific purposes. In the past several years, the industry focused on the production of ceramics that can provide special features and advanced functionality. It is produced either from natural raw materials, synthetic or a combination of methods involving modern technology or recycling of solid waste [2] .
In the last decades, most solid waste generated by public, private and industrial activities had been disposed in landfills. Nonetheless, these days, the awareness of recycling waste materials continues to rise thus encouraging development of new sustainable materials. Production of alumina-cullet ceramic from solid waste is one alternative to overcome the problem of environmental pollution. Most glass waste or cullet comes from packaging and bottles such as sodalime glasses. Use of waste glass bottles can reduce the cost of ceramic production. Generally, these glasses need simple processes for their preparation, such as washing, milling and sieving [3] . Bernardo and Dal Maschio [4] attempted research on both glass-ceramic from pure waste glass and mixtures composed of waste glass, recycled glasses and clay. These glass-ceramics are found obtainable at relatively low temperature, of about 1000 °C, much lower than those required for the firing of traditional ceramic. Mohamad Zaky [5] studied a research on the production of ceramicmica-cullet containing flint glass recycling waste and natural mica powder. The ceramic-mica-cullet is sintered at a range of 700˚C to 950˚C. The results showed that this product is highly dependable on materials composition, sintering temperature and particle size of constituents.
The present work initiated by previous researches done on the potential of glass waste materials in the development of new sustainable ceramic products. This work involves a ternary system with the addition of mica in alumina-cullet ceramic system. It is expected that with the addition of mica will further enhance the strength of this ceramic body. Thus, the main objective of this study is to determine the exact composition of the system which could exhibit the best mechanical properties of ACMC. Various contents of mica were added to ACMC and the effect of mica on the sintering behavior, microstructure, physical and mechanical properties of the sintered samples were studied.
Experimental Procedures
A commercially available high-purity of 99% alumina (Al 2 O 3 ) powder (Merck, Germany) was used in this work. The additive used is a submicron-size of mica powder with a purity of about 99.95%. The particle size range of alumina dan mica used is 125 ~ 140 µm. The second additive is cullet obtained from solid waste. Processes in producing cullet powder from recycled glass bottles are, firstly, these glasses are emptied and rinsed clean to remove any impurities. Then, the glass bottles were grinded and sieved to get the suitable particle size range before they can be mixed with alumina and mica. Automatic Mortar Grinder Machine (Fritsch) was used to pulverize the particles of cullet before undergoing the sieving process. Sieving process was done to filter the size of the cullet particles. The particle size of cullet used in this study is between 50 ~ 125 µm which is approximately similar to the work done by Mohamad Zaky [5] . The composition of ACMCs is shown in Table 1 . Cullet, alumina and mica were mixed thoroughly in order to get well distributed mixture. A distilled water (2 wt%) which is acted as binder was added to the mixture, then the mixture was pressed into pellets of 30 mm in diameter and 10 mm thick, at a pressure of 6 tons for about 5 minutes for each sample. Pellets were sintered in air at 950•C for 2 hours.
Densities of the sintered specimens were determined by Archimedes method density measurement, using distilled water as the immersion medium. The compression strength was determined using a universal testing machine (AG-2000G, Shimadzu Autograph, Shimadzu Co. Ltd.) at a cross-head speed of 0.5 mm min −1 . The sample dimension for this test is 30 mm in diameter and 10 mm thick. The microstructure of fracture surfaces and polished surfaces was observed by optical microscopy (Olympus).
Result And Discussion
Bulk Density . Fig 1 exhibits that the increase in bulk density of ACMCs is proportional to the wt% of mica content. As far as bulk density of ACMC was concerned, it was found that on addition of 25 wt% of mica content (S5) resulted in the highest average bulk density at 1.986 gcm -3 . The difference in bulk densities shown in Fig. 1 could be due to the effect of different types and amounts of crystals and the present of different pore sizes in ACMC samples. Alumina and mica act as fillers in this ACMC system. At early stage of the sintering process, cullet will be melted first and followed by mica. Cullet and mica occupy spaces between alumina particles. Once solidified, they bind up with alumina particles thus decreasing the porosity in ACMC body which lead to the increase in the bulk density of ACMC body. The bulk density of the system with highest mica content (S5) exhibits highest bulk density value. During the sintering process, it is believed that mica grains sizes are smaller if compared to that of cullet. The sample which consists of highest amount of smaller grains size is believed to have highest degree of consolidation or the system is said to be densely packed. Therefore, sample S5 demonstrates highest bulk density value. This test plays an important role in determining the porosity, grain size and grain contacting area which is 920
Mechanical & Manufacturing Engineering also known as the key factors affecting the strength of ceramic body. This statement is supported by the result in Fig. 2 which clearly demonstrates that S5 sample which has the highest bulk density showing highest value in its compressive strength. Mechanical Behaviour. The compressive strength test was conducted in order to evaluate the mechanical properties of ACMC samples. Compressive strength test has been carried out on ACMC samples with different composition of cullet, mica and alumina (refer to Table 1 ). Data observed were average parameter of five samples. As shown in Figure 2 , the compressive strength increases with increasing amount of mica content, which is in agreement with the work done by other authors [6] . The influence of mica content on the compressive strength is an interesting fact. Qualitative evaluation showed that the amount of mica affects the pore size of the system (refer to Fig. 3 ). As discussed earlier in the abovementioned section (Bulk Density) that the existence of mica which has smaller grain size than that of cullet creates higher contacting area between the grains, reducing the pores size thus leads to a densely packed ceramic body. This factor is believed to be the main contributing factor for the highest compressive strength obtained by S5.
Fig 2:
Compressive strength of ACMC with different mica content. Fig. 3(a) ) shows that 5 wt% of mica content resulted in the largest size area of the porosity exist in the system. The size of the porosity decreasing with the increase in mica content whereby, ACMC with the highest mica content ( Fig. 3(d) ) forms more sintering contacts between matrix and additives. It is believed due to the ability of higher content of mica in reducing the sintering temperature of the system. This scenario leads to uniformly distributed of cullet, alumina and mica therefore lowering the average pore size. 
Conclusion
In this study, the obtained compressive strength was found to be proportional with the wt% of mica content. S1 exhibits the lowest compressive strength value at 76.62 MPa whereas 135.72 MPa is the highest compressive strength value obtained by S5 which consist of the highest mica content. The addition of mica content in the system has shown good results in the physical and morphological analyses of ACMC whereby on increasing the quantity of mica, the average pore size decreases which leads to the increase in the bulk density. From the results, it can be deduced that ACMC with the composition of 75wt% cullet + alumina and 25 wt% of mica exhibits the best physical, mechanical and morphological properties if compared to that of other samples.
